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Abstract 
The content of a vehicle consists mainly of 
mechanical and electronic components. However 
software becomes an increasingly important part 
of future vehicles. The software side of Intelligent 
Transport Systems (ITS) is part of the 
international road safety strategy to improve the 
mobility, comfort and safety of road users. Road 
crashes cost Australia $15 billion a year and 95% 
of these crashes are attributed to driver error. ITS 
and driver assistance systems could reduce driver 
error by augmenting the awareness of relevant 
safety-critical contextual information. Such a 
context-aware system is difficult to program due 
to the incompletness and complexity of the 
information from the environment. This paper 
outlines research issues that need to be addressed 
to deploy sustainable context-aware software for 
vehicles. A solution to improve the productivity 
of context-aware systems by using a new Context 
Oriented Programming (COP) paradigms is 
suggested. COP is then used to build a driver 
assistance system that takes into account driver’s 
cognitive workload.  
1  Introduction 
Ten years ago, Mark Weiser envisioned a full deployment of 
ubiquitous/pevasive systems. Unfortunately his vision is still futuristic 
and hasn’t became reality yet. Ubiquitous and pervasive systems 
prototypes have been extensively tested and studied within research lab 
settings, away from real life scenarios. From the human factor 
viewpoint, such a limited lab deployment is doomed to fail. Findings 
on interactions occurring in a lab setting are very hard to replicate into 
a real life setting. Interactions between human and machines occur and 
are created in a particular setting and is constrained by the very same 
setting [1]. 
Weiser’s visions slow take off is not due to a lack of technical 
progress. It is rather due to the absence of a comprehensive articulation 
between technical, human factors, social, economic and legal issues. 
By using an example of the deployment of a context-aware system in 
an automotive application, we argue that a successful product 
deployment requires a multi-disciplinary evaluation in a real-life 
setting that involves all the automotive stake holders. 
The vision of pervasive and ubiquitous computing refers to a world 
in which a large number of computing and communication capabilities 
are embedded in everyday objects (e.g. cars) unobtrusively supporting 
human users (e.g. drivers). The most fundamental new notion in 
pervasive computing is that of context awareness. Context is any 
relevant information that can be used to characterize a situation of an 
entity (e.g. driver). It includes background information, specification of 
user and application requirements, as well as measurements of 
quantifiable entities in the environment. The behavior of context-aware 
programs are difficult to predict and to understand due to the large 
number of different devices involved, complexity of interactions, 
incompleteness of the environment description, the fluidity of contexts 
and the overhead of configuring the system. Such drastic complexity 
makes it no longer sustainable to build programs for all types of 
context or knowing a priori their complex configuration. 
Although existing research addresses important problems of context 
awareness from formal [2, 3], middleware [4, 5], modelling [6, 7, 8, 9] 
and human factors perspectives [10, 8, 11] , it does not clearly address 
the problems of  
• how to ensure sustainable deployment of context-aware systems 
in a socio-economical world. Note that [12] addresses partially 
the topic.  
• how to program context-aware systems and how the ever-
changing and heterogeneous contexts are manipulated in order to 
program adapted interactions.  
In this paper, we use the term sustainable programming in the 
context of developing flexible and re-usable programs that meet the 
ever changing requirements of existing and future applications. We 
argue that – in order to reach a sustainable development of softwares – 
the lifecycle of a software production must be accompanied with the 
definition of several methodological considerations that address (i) the 
need to target real social needs among skateholders, (ii) avoidance of 
undesirable consequences and (iii) enhancing adaptation, adoption, 
diffusion and transfer of the new software. 
Section 2 identifies why the deployment of context-aware systems 
has not been successful. Section 3 explains how we apply and deploy 
our research on context-aware systems in an automotive application. 
Section 4 presents an example showing the complexity of programming 
a context-aware system. Section 5 presents our new Context Oriented 
Programming (COP) that facilitates the programming of context-aware 
systems. Section 6 presents a driver assistance application that we built 
with COP. Section 7 presents the in-vehicle driving assistance 
architecture. Section 9 concludes the paper and presents future works. 
2  Why context-aware systems deployment is not 
successful 
In this section we argue that the absence of real societal needs, 
fragmentation of research topic and the lack of direct dissemination of 
knowledge are among the main cause of the deployment failure. 
2.1  Absence of real societal needs 
Research on context-aware systems rose from the need to have 
computing entities attuned to its surroundings and our senses, enabled 
by unobtrusive interactions, reacting and adapting to our need. 
Theoretically, the type of applications that might benefit from such 
functions in tourism, communication, defence, finances and the health 
domain are endless. 
The ICT research community has produced theories and prototypes 
to address the above challenges. They designed prototypes with 
expressiveness, utility, performance, security, privacy and reliability 
properties. Furthermore, Human Computer Interface (HCI) researchers 
have successfully injected a “human touch” to the design of such 
technology as expressed by the following quote: 
I’m a technology enthusiast annoyed by unnecessary 
complexity of today’s products. My goal is to humanize 
technology, to make it disappear from sight, replaced by a 
human-centred, activity-based family of infomation 
appliances. Easy to learn, easy to use. Powerful, enjoyable – 
Donald Norman –  
Unfortunately experiences have shown that a technically brilliant, 
innovative, robust and well designed idea or product does not 
necessarily warrant a successful deployment. With regard to context-
aware system deployment, one of the reasons for such failure is that 
existing context-aware system applications address specific scientific 
problems instead of major societal needs. 
Furthermore, existing context-aware systems depend on the 
platform or hardware their are built upon. The type of sensors, network, 
operating systems and telematics in cars are very diverse. Customers 
are expecting an increasing number of functions and services that could 
interact with a large number of existing and future services anywhere 
anytime. Therefore it is no longer sustainable to have monolithic, non 
adaptable hardware-dependent software. 
2.2  Fragmentation of research topic 
Too often, the social, economic (cost/benefit) and legal implications of 
a large scale deployment of a prototype are omitted during the early 
stage of the product lifecycle. Such omission is a recipe for failure. It is 
a sign of weak culture of entrepreneurship among scientific 
researchers. 
Context-aware systems is a very active research topic. To be 
innovative, researchers have to fragment their research topic into a 
niche where they could position themselves as the sole expert. 
Increases in academic publication and grants are among the tangible 
results of such behavior. Unfortunately, the fragmentation of research 
topics results in an increased isolation, not only from other domains 
that could contribute to the same goal, but also from the initial goal. 
This is evident in road safety where in-vehicle technology researchers 
are not collaborating with context-aware research community (and 
vice-versa) despite the potential of context aware systems to help 
drivers and save lives on the roads. 
Fortunately, increasing multi-disciplinary research (horizontal 
research) to re-instate the focus on a high level or societal goal has 
been observed in the last decade. 
2.3  Lack of direct dissemination of knowledge 
In the past, IT research has been motivated by mere intellectual 
curiosity. Their research results were identified as "outputs". If we 
were to deploy our research results, we need to think in term of 
"outcomes" instead of "outputs". It means that research challenges need 
to be articulated with clear and quantified deliverables, tangible 
benefits and integration in order to ensure a direct dissemination of 
knowledge. Technology transfer is one aspect of a research project that 
researchers are too often careless of. 
3  Integrated context-awareness research 
Increasingly, computing and communications technologies are being 
deployed in cars. The pervasiveness of context awareness systems will 
change the way in which drivers drive. In order to support drivers’ 
activities, computation needs to move into the environment in which 
that activity unfolds. The context in which computation occurs is 
fundamentally important. Context may refer to high level information 
such as the psychological state of the driver, the reason why a task is 
carried out, current legislation or other human and social factors that 
surround the user and the system. Therefore, context-awareness is as 
much social as technical. How the driver reacts to such increased 
context-awareness, what kind of tasks they could perform as a result, 
and how this impacts on road safety are among the research questions 
we address. 
A successful deployment of a context-aware prototype requires a 
multi-disciplinary evaluation in a real-life setting that involves all 
automotive stake holders such as government transport departments, 
police services, car manufacturers, ICT experts, sociologists and 
psychologists. For example, the objective of safely operating in-vehicle 
technology systems could be subverted by some natural human 
behavior. Attitudinal and behavioral research applied to road-safety, 
which requires expertise in the design, implementation and evaluation 
of road safety programs is crucial to the deployment of an in-vehicle 
context-aware system. 
Equally important is the integration of contextual information such 
as social, human factors (drivers’ abilities, preferences), cost, policy 
(laws), privacy, usability, homologation and certification. Our research 
aims at bringing context-awareness closer to industrial and societal 
reality due to its strong continuum from new programming concepts to 
a concrete automotive safety-critical application and evaluation. 
The next section presents an automotive application of a context 
awareness mechanism. 
4  Motivating Example: Programming an 
incomplete system 
The Braking Distance (BD) is the distance that a vehicle travels while 
slowing to a complete stop. BD is the primary information used in 
automatic car-following systems. BD depends on several factors such 
as velocity, road surface, braking system, vehicle weight, slope of the 
road, wind speed, vehicle reaction time, driver’s perception time, 
driver’s distraction, driver’s reaction time etc. Furthermore, factors 
related to drivers vary according to their fatigue, age and various other 
type of impairments. Programmers could not possibly know a priori all 
of these factors. 
Therefore we use an expression  
 BD=[? ](goal="braking distance", context) 
to describe the "context free" behavior of a incomplete program as 
described in Figure 1. Such program is called a skeleton. "[? ]" is a 
generic expression – called an open term – to be filled intelligently by 
stubs (e.g. Stub 2) during runtime. The resulting behavior will represent 
a complete behavior adapted to the current context. The "goal" of the 
open term is "braking distance" and the value depends on "context". 
Such powerful features offer support for adaptability, portability and 
incomplete specification of software. 
 
Figure 1:  Open term filling 
Our new Context-Oriented Programming (COP) facilitates the 
execution of programs in a different situation where open terms will be 
filled dynamically, by matching the context of the skeleton and the 
stub. 
5  Context Oriented Programming (COP)  
COP facilitates the integration and fusion of new contextual 
information from sensors/actuators. A more detailed description of 
COP could be found in [13]. 
5.1  Open terms 
Context and the behavior to be undertaken in a new context are not 
necessarily known in advance. They are specified as "open terms" 
during the specification of the system. Open terms are place-holders for 
missing sub-expressions. The basic operation for a context is to replace 
all occurrences of open terms by the corresponding term. Open terms 
allow variables in filler expressions to be bound within the local scope 
in a controlled manner (typing). Such mechanism allows a program to 
adapt gracefully to the new term. The main advantages of using open 
term within COP are:  
• Dynamic linking and dynamic scoping with distributed resources 
by means of contexts. In conventional programming languages, 
programs must be built into modules and linked together. Our 
approach uses open terms for later linking and dynamically binds 
components and free variables by refining the open term with the 
current context. This increases the flexibility of the programming 
environment. 
• Abstraction of local context. When a piece of code migrates to 
another node, its new context can not be anticipated. Open terms 
allows us to succinctly abstract a previously unknown (complex) 
behaviour.  
5.2  Matching Stub and Skeleton 
In practical terms, COP allows authoring of skeletons, which are pieces 
of program that contain a number of open terms. Open terms are simply 
gaps in a program, which specify a goal and context. Actual code to 
replace them is selected dynamically from a number of stubs in a 
context-dependent fashion. This idea is referred to as context-filling. 
Stubs are sections of code associated with a goal and a context that are 
used to replace open terms during context-filling operation. Context 
filling is the distinguishing feature of COP, the result being a context 
free skeleton that only becomes a valid program as it is executed. We 
have a prototype written in Python that demonstrates skeleton/stub and 
matching mechanisms [KR03]. We adopted XML for COP typing 
(context-filling) because of its popularity, openness and readability. 
The prototype needs to be extended by changing the Python interpreter 
as context is not yet considered as a first class entity. 
In standard programming languages, the key invariants that are 
maintained by the type system are related to the contents of variables, 
interfaces of functions, procedures or methods. In COP, the basic 
properties of a piece of code are those related to its context-awareness, 
to the possibility of exposing its internal scope, and 
propagation/binding of names with the use of the open term 
mechanism. Maintaining such invariants is not just a "cosmetic" 
exercise nor can it be simply solved with standard getters/setters. COP 
incorporates context as a first-class construct, much in the same way 
that variables, classes and functions form the first-class constructs of 
many modern languages. 
5.3  Example of expression 
Table 5.3 shows examples of code with open terms where they could 
be replaced with programming primitives such as operators, statements, 
terms, method calls, objects and others. In this table, [? 
](ctx,gl)  represents an open term associated with a context 
and a goal. 
 
0. [? 
]
Error! 
Statement as an open 
term 
1. W = 1 * [? 
](ctx,gl)  
Term as an open term 
2. W = 1 [? 
](ctx,gl)  5 
Operator as an open 
term 
3. SomeObject.[? 
](ctx,gl)  
Method call as an open 
term 
4. if ([? 
](ctx,gl) ) { 
print "Hello } 
Expression as an open 
term 
5. System.out.prin
tln([? 
](ctx,gl)
.toString()) 
Object instance as an 
open term (context-
oriented dispatching) 
6. (([? 
](ctx,gl) ) 
SomeObject).clone() 
Cast as an open term 
(context-oriented 
polymorphism) 
  
Table :  Open terms as a first-class programming construct 
6  A driver’s assistant built with COP 
A context-aware system can improve driver’s awareness of driving 
situations. However registering information mentally requires attention. 
The driver’s attention is the scarcest resource in computing systems. 
Therefore, the usability performance of a context-aware system would 
be poor if the driver cannot allocate the necessary attention to acquire 
relevant information. This section presents a driver assistance 
application that takes into account psychomotor workloads required to 
interact with different multi-modal devices available in a car. This 
section shows the in-vehicle architecture built with COP. The 
implementation of COP is described in [13]. We used COP instead of 
other programming languages as the number and type of physiological 
and motor sensors devices that would be available was not completely 
known from the beginning of the project. 
6.1  Requirements 
There is a need to evaluate the appropriateness of the information 
delivery for each driving situation. Our approach consists of evaluating 
the level of attention required for each information delivery. Each 
information delivery is associated with a driving task. We evaluate the 
amount of attention that a new task will require. The new task will be 
conveyed to the driver if the overall allocated attention would not 
exceed a threshold. Otherwise the task will be queued, or other task(s) 
with lower priority will be interrupted. 
A threshold is a value designed to maintain the following 
requirements: 
1. Maintain the level of attention allocated to the primary task so 
that safety critical tasks are not perturbed. Secondary tasks 
should not affect the primary driving task.  
2. Allocate the right level of attention to secondary activities 
without jeopardizing the attention allocated to other tasks. This 
minimizes driver’s distraction. Tasks should require cognitive or 
motor activities that the driver can spare. For example when the 
driver is in a difficult manoeuvre, it is not safe to let the mobile 
phone ring.  
3. Maintain average glance duration to less than 1.2 seconds. A 
maximum of four glances to obtain specific chunk of 
information.  
4. Avoid long and uninterrupted sequences of task that will 
monopolize one of the sensory organs. For example a navigation 
system that displays a map which is hard to read .  
The next section shows how information should be organized and 
processed by our driving assistance system to meet the listed 
requirements. 
6.2  Behavioral Model 
The measurement of the driver’s attentional workload is a difficult and 
on-going research problem. The observation of drivers’ vehicle 
handling (e.g Standard Deviation of Lateral SDL) or drivers’ eye 
movement patterns are among the well known methods to measure 
attentional workload [14]. We use a resource model to measure drivers’ 
attention usage. A resource model expresses drivers’ behaviour in a 
computational manner by considering a driver as a pool of information 
processing resources . 
We use the behavioral model suggested by Hankey et al [15] to 
measure attentional usage. Due to space limitations we only summarize 
the model here. Readers are invited to consult [15] for more details. 
The model we are using is made up of three components.  
1. Extraction information: This is visual and auditory extraction of 
information from the context-aware system.  
2. Supplemental Information Processing (SIP): SIP correspond to 
the post cognitive processing of the information extraction (e.g 
selecting a choice out of a menu).  
3. Output command: Motor or speech outputs (e.g shifting gears).  
Each of the above components demands attention. Hankey et al built a 
software called IVIS DEMAnD that computes a single overall measure 
that assesses the attention demand of the driver’s task. This measure is 
called Figure Of Demand (FOD). The weighting formula is as follows : 
 
 
  
 FOD=((VisualTime)*1 +((TotalTaskTime-
VisualTime)*ResourceWeighting)*CorrectionFactor 
The formula shows that the visual resource is the most detrimental 
to the driving task. It has been estimated that 90% of information 
processed by drivers is visual. It is thus the most important source of 
information available to the driver [16]. Therefore visual demand is 
likely to be the principal activity that requires the drivers attention. 
Tapping into this limited visual resource is potentially dangerous as 
driving performance declines as visual demand increases [17]. The 
Visual Time takes into account the number of glances and the transition 
time to and from the display device as shown in the following formula: 
 
 
  
 VisualTime=((MeanSingleGlanceTime+ 
(2*MeanTransitionTime))*NumberOfGlances) 
The Resource Weighting takes into account the proportion of each 
resource other than the visual one 
 
 
  
 ResourceWeighting=((AuditoryTime*Auditory Weighting)+(SIP 
Time*SIPWeighting)+(SpeechTime*SpeechWeighting)+(ManualTime*
ManualWeighting))/(AuditoryTime+SIPTime+SpeechTime+ManualTim
e) 
Hankey et al have built a set of libraries that can measure the FOD 
of most drivers activities. The above formulas do not take into account 
the use of advanced multi-modal interfaces such as haptic or movement 
detection (e.g head nodding). It also doesn’t take into account the 
attention need to perform interruptions. During interruptions, a level of 
attention is required to switch between tasks as the driver needs to 
recall the context of the interrupted task [18]. We believe that it will be 
easy to extend the above formulas with the factors we highlighted. 
7  Framework: Drivers information acquisition 
Information from a context-aware system needs to be acquired 
(registered) easily and efficiently by the driver. The nature of the 
information to be delivered (e.g structure, relative priority, relevance), 
the medium it required (sound, tactile, visual) and the psychomotor 
effort required to acquire the information (e.g number of glance for 
visual information) affect the efficiency of the delivery [19]. 
Our approach consists of structuring and classifying the information 
to find the most efficient way to deliver the information to the driver. 
Such classification is exploited by a context aware system in order to 
decide how, when, where and which information is to be delivered. The 
information source is represented in XML and undertakes different 
transformation phases using XSLT (XML Stylesheet Language 
Transformation)as shown in Figure 2. Each transformation phase 
augments the information source with relevant situational information. 
The end result is information optimized to safely attract driver’s 
attention. The originality of the classification lies in its ability to 
represent driver’s workload, driver’s preference and cognitive content 
of the information. 
 
Figure 2:  Drivers situational awareness processing phases 
This section explains the different phases through which an 
information source is transformed and augmented with situational 
information. 
7.1  Atom: Unit of information: 
To have a flexible and diverse delivery of information, we structure the 
information source into atoms. An atom is the smallest autonomous 
unit of information that a driver can visually acquire in one glance. 
Atoms can have binary relationships like sequential, exclusive or 
parallel. Atoms are composed to form a bigger chunk of information 
called molecules. A molecule is a structured set of information 
optimized to attract driver’s attention. It features the nature of the 
modal (voice, tactile etc ...) to be used and information on when and 
how to deliver the information. 
Figure 2(A) is an example of a XML document organized as atoms. 
The first two atoms have to be conveyed sequentially. 
7.2  Atoms psychomotor weight assessment 
The content of an atom, its complexity and nature (e.g. urgent) affect 
the driver’s workload. For example an intensive work related cell-
phone call is known to require more attention than casual calls. 
Therefore we tag each atom with 
• A FOD (Figure of Demand) weight, representing the 
psychomotor effort that the driver requires to acquire its content 
(Figure 2(B)).  
• A weight representing the cognitive content of the message 
(priority, complexity) (Figure 2(C)).  
• A weight representing the driver’s preferred modalities delivery 
(Figure 2(D)). 
. 
Information can be conveyed via multiple modalities. The level of 
attention required to attend each modalities is different. We allow 
drivers to specify their preferred modalities for a particular situation. 
7.3  Forming molecules 
The psychomotor weight of a molecule is not a simple arithmetic 
addition of its atoms weight. For example if the information conveyed 
by a sequence of atoms forming a molecule is repetitive then the 
amount of cognition required to process the information decreases 
according to the number of repetitions. Furthermore, a sequential 
composition of atoms that requires mental memorization of previous 
atoms requires high attention. Therefore such a molecule would have a 
high psychomotor weighting. 
The result of the weight assessments (Figure 2 B-C-D) are re-
assessed to form a molecule. A molecule is the final composition 
representing relevant and safe information to be delivered to the driver 
(Figure 2 (right side)). This processing step maximizes the 
appropriateness of the information delivery to the driver. 
The weight of a molecule is calculated from the psychomotor 
(measured with FOD) weight, the cognitive content’s weight and the 
interface preference weight of each composing atoms as shown below. 
 
 
  
 Molecule=α *(Psychomotor) + β * (cContent) + γ *(Preference) where 
α , β γ ∈ [0..1] 
At this stage we still need data to tune the values of α,β,γ 
7.4  Prototype 
Our prototype uses different sensors such as  
• touch and bending sensors from infusion systems (I-CubeX)  
• car data logger that records information about the longitudinal 
and lateral movements of the car,  
• eye movement tracker  
to enhance the drivers workload measurement. The data from those 
sensors are gathered into an Elvin [20] notification service. An Elvin 
regular expression filters relevant information and feeds them to the 
module that delivers situational information to the driver (Figure 2). 
We are in process of evaluating the technical aspect of the prototype as 
well as talking with automotive stake holders to gather inputs about our 
prototype. 
8  Discussion 
At this stage of the project, technologists, psychologists and insurance 
companies are starting to be involved in the design of our in-vehicle 
context-aware system. Each stakeholder has different interests and 
functional requirements. Automobile insurance company is mainly 
interested in technological concepts that could help them to reduce 
risks and their insurance premiums. Psychologists are interested in the 
cognitive impacts of introducing technology in cars whilst 
technologists are interested in deploying reliable and usable systems. 
Building a system that addresses such broad requirements is a 
challenge due the limited resources we have. Some of the requirements 
were not necessarily related to technology. However understanding 
their requirements helps to scope the design of our system. For 
example, technically advanced features are not necessarily of interest to 
insurance companies as the cost benefit of such investment would be 
too risky. 
9  Conclusion 
We have identified several issues to be addressed by the pervasive 
computing community in order to deploy sustainable systems. The 
second part of the paper presented a context-aware system built from 
our new Context Oriented Programming (COP). The new system 
improves driver’s situational awareness. We focused on strategies to 
ensure the intentional unobtrusiveness of information. This is the first 
seminal multidisciplinary work that integrates the context-aware 
systems and driver’s psychomotor workloads. We plan to deploy the 
prototype according to the recommendations highlighted in the first 
part of this paper. 
References 
[1] P. Dourish, Where the Action Is: The Foundation of 
Embodied Interaction, P. Doursish, Ed.1em plus 0.5em minus 
0.4emThe MIT Press, 2001. 
[2] M. Hashimoto and A. Ohori, “A typed context calculus,” 
Theoretical Computer Science, vol. 266, no. 1-2, pp. 249–
272, 2001. 
[3] P. Braione and G. P. Picco, “On calculi for context-aware 
coordination,” Pisa Italy, 24-27 February. 
[4] C. Mascolo, L. Capra, and W. Emmerich., “Middleware for 
mobile computing (a survey),” in Networking 2002 LNCS 
2497., E. Gregori, G. Anastasi, and S. Basagni, Eds., 2002. 
[5] G. Banavar, J. Beck, E. Gluzberg, J. Munson, J. Sussman, and 
D. Zukowski, “Challenges: an application model for 
pervasive computing,” in Proceedings of the sixth annual 
international conference on Mobile computing and 
networking.1em plus 0.5em minus 0.4emACM Press, 2000, 
pp. 266–274. 
[6] D. Garlan, D. Siewiorek, A. Smailagic, and P. Steenkiste, 
“Project Aura: Toward distraction-free pervasive computing,” 
IEEE Pervasive computing, pp. 22–31, 2002. 
[7] =2plus 43minus 4D. Salber, A. K. Dey, and G. D. Abowd, 
“The context toolkit: Aiding the development of context-
enabled applications,” in Proceeding of the CHI 99 
conference on Human factors in computing systems : the CHI 
is the limit, 1999, pp. 434–441. [Online]. Available: 
citeseer.nj.nec.com/salber99context.html =0pt  
[8] =2plus 43minus 4K. Cheverst, N. Davies, K. Mitchell, and 
A. Friday, “Experiences of developing and deploying a 
context-aware tourist guide: the GUIDE project,” in Proc. of 
MOBICOM’2000, Boston, ACM Press., 2000, pp. 20–31. 
[Online]. Available: 
citeseer.nj.nec.com/cheverst00experiences.html =0pt  
[9] K. Henricksen, J. Indulska, and A. Rakotonirainy, “Modeling 
context information in pervasive computing systems,” in 1st 
International Conference on Pervasive Computing.1em plus 
0.5em minus 0.4emZurich, Switzerland: Springer, August 26-
28 2002, pp. 167–180. 
[10] J. Cadiz, G. Venolia, G. Jancke, and A. Gupta, “Designing 
and deploying an information awareness interface,” in 
Proceedings of the 2002 ACM conference on Computer 
supported cooperative work.1em plus 0.5em minus 
0.4emNew Orleans, Louisiana, USA: ACM Press. 
[11] D. A. Norman, The Invisible Computer.1em plus 0.5em minus 
0.4emCambridge, Massachusetts: MIT Press, 1998. 
[12] N. Davies and H.-W. Gellersen, “Beyond prototypes: 
Challenges in deploying ubiquitous systems,” IEEE Pervasive 
Computing Mobile and Ubiquitous, vol. 1, no. 1, pp. 26–35, 
January-March 2002. 
[13] R. Keays and A. Rakotonirainy, “Context Oriented 
Programming,” in Proceedings of the 3rd ACM International 
Workshop on Data Engineering for Wireless and Mobile 
Access, San Diego CA, September 2003, pp. 9–16. 
[14] K. A. Brookhuis and D. de Waard, Assessment of Drivers’ 
Workload: Performance and Subjective and Physiological 
Indexes, Stress Workload and Fatigue: Human Factors in 
Transportation ed.1em plus 0.5em minus 0.4emLawrence 
Erlbaum Associates, Publishers, 2001, ch. 2.5, pp. 321–333. 
[15] J. M. Hankey, T. A. Dingus, R. J. Hanowski, W. W. 
Wierwille, and C. Andrews, “In-vehicle information systems 
behavioural model and design support: Final report,” U.S 
Departement of Transportation, Federal Highway 
administration, Final Report FHWA-RD-00-135, 2000. 
[16] W. W. Wierwille, “Demands on driver resources associated 
with introducing advanced technology into vehicle,” 
Transportation Research (C), vol. 1, no. 2, pp. 133–142, 
1993. 
[17] O. Tsimhoni and P. Green, “Visual demand of driving and the 
execution of display-intensive in-vehicle tasks,” in 
Proceedings of the Human Factors and ergonomics society 
45th annual meeting, 2001. 
[18] T. L. Franke, J. J. Daniels, and D. McFarlane, “Recovering 
context after interruptions,” in 24th Annual Meeting of the 
cognitive science society, 2002. 
[19] P. Hughes, “Operator eye movement behaviour and visual 
workload in aircraft and vehicles,” in Proceeding 25th annual 
conference of the ergonomics society of Australia: 
Ergonomics, technology and productivity, A. A. of Science, 
Ed., Canberra, 1989, pp. 97–105. 
[20] B. Segall and D. Arnold, “Elvin has Left the Building: a 
Publish/subscribe Notification Service with Quenching ,” in 
Proceedings of AUUG97, Brisbane, Australia, September 
1997, available at 
<http://www.dstc.edu.au/Elvin/doc/papers/auug97/AUUG97.
html>. 
